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U-Pb AGES AND Sr, Pb AND Nd ISOTOPE DATA FOR GNEISSES NEAR THE 
KOLAR SCHIST BELT: EVIDENCE FOR THE JUXTAPOSITION OF DISCRETE ARCHEAN 

TDepartment of Earth and Space Sciences,  SUNY, Stony Brook, NY 11794 USA; 
2School of Environmental Sciences, Jawaharlal Nehru Universi ty ,  New Delh i ,  
110 067, Ind ia  

ERRANES; E.J. KROGSTAD', G.N. HANSONl, and V. RAJAMAN12 

Two Archean gne i s s  t e r r anes  i n  t h e  Karnataka Craton of South I n d i a  are 
separated by the narrow (3-8 km wide) Kolar Schist B e l t ,  a zone of s t rong  
shearing. The l a r g e l y  g ranod io r i t i c  t e r r anes  have d i s t i n c t  U/Pb, Sm/Nd and 
Rb/Sr h i s t o r i e s .  
differences,  which are r e s o l v a b l e  by U-Pb da t ing  of small samples of z i rcon 
and of cores of s i n g l e  z i rcons,  which have unce r t a in t i e s  of l ess  than 10 
Ma. The Kambha Gneiss, which is t h e  major u n i t  east of t h e  Kolar  S c h i s t  
Bel t  has a U-Pb zircon age of 2532 Ma (Table 1). 
g ranod io r i t i c  Dod Gneiss was emplaced a t  2633 Ma (Table 1). T h i s  gne i s s  
u n i t  has  inherited zircon cores  which are older than 2800 Ma. 
d io r i t i c  Dosa Gneiss has  an apparent magmatic age of 2613 Ma (Table 1). 
The Patna Granite,  which is exposed nor th  of t he  Kolar Gold F i e l d s  area, 
has a concordant z i rcon  age of 2551 Ma. 

Sphene U-Pb ages, perhaps ind ica t ing  t h e  time of cool ing  from igneous 
or high grade metamorphic events ,  are 2521 Ma east of t he  s ch i s t  b e l t  and 
2553 Ma west of t h e  B e l t .  T h i s  age d i f fe rence  f o r  adjacent  gne i s s  t e r r a n e s  
suggests that  the t e r r a n e s  had separate his tor ies  u n t i l  after 2520 Ma. 

The Sm/Nd, Rb/Sr and U/Th/Pb h i s t o r i e s  of these two g ranod io r i t i c  
gne iss  t e r r a n e s  are a l s o  quite d i f fe ren t .  East of t he  Sch i s t  B e l t  2530 Ma 
gneisses  have i n i t i a l  Nd, S r  
are cons i s t en t  wi th  d e r i v a t i o n  f r an  a source wi th  l i m i t e d ,  i f  any, c r u s t a l  
his tory.  On an e p s i l o n  Sr - e p s i l o n  Nd diagram (Fig. 11, these gne i s s  
samples l i e  a long  a steep negat ive  slope similar t o  data from: a)  rocks 
der ived  from present  day subcont inental  nsantle; or b) mixing of melts de- 
r i v e d  from dep le t ed  mantle wi th  those from a long-term, low Sm/Nd and l o w  
Rb/Sr r e s e r v o i r ,  such as t h e  lower crust .  The Pb data do not,  however, 
i n d i c a t e  that one of the  sources of t h e  Kambha Gneiss is an o ld ,  low U/Pb, 
high Th/U reservoir such as lower crust .  
and Pb r a t i o s  allow on ly  a shor t - l ived  c r u s t a l  h i s t o r y  for  t h e  sources  of 
these gneisses  east of t h e  Sch i s t  B e l t .  
some models f o r  t h e  evo lu t ion  of the Dharwar c ra ton  which suggest t h a t  no 
new c r u s t  was formed after 3000 Ma. 

West of t h e  Kolar Schist B e l t  t h e  chemical ly  p r imi t ive  2633 Ma Dod 
Gneiss has  Nd, Sr and model Pb i n i t i a l  r a t i o s  (Table 1) which range from 
mantle- l ike t o  those showing evidence of a c r u s t a l  inf luence.  The 2613 Ma 
Dosa Gneiss which occurs i n  the  same area has i n i t i a l  Nd, S r  and model 
i n i t i a l  Pb r a t i o s  (Table  1) which show a s t ronge r  crustal in f luence  than 
those of t h e  Dod Gneiss. K-feldspar Pb data from samples of t h e  Dod and 
Dosa gne isses  and t h e  2551 Ma Patna Grani te  l i e  a long  a c o r r e l a t i o n  l i n e  
wi th  a slope age of 3200 t o  2600 Ma, wi th  a lower i n t e r c e p t  wi th  a model 
mantle (u = 8.0) a t  2600 Ma (Fig 2). 
diagram (dig. 11, data from t h e  Dod and Dosa gneisses l i e  a long  a l i n e  w i t h  
a s lope  much more shallow than t h a t  f o r  t h e  Kambha Gneiss samples. These 
da ta  suggest t h a t  t h e  magmatic precursors  of these gneisses  included mix- 
t u r e s  of material der ived from mantle  sources  dep le t ed  i n  incompatible 
elements and s i g n i f i c a n t l y  older upper c r u s t a l  mater ia l .  

Ages of p lu ton ic  rocks i n  the  two terranes show minor 

West of t he  b e l t ,  t he  

The grano- 

and model i n i t i a l  Pb r a t i o s  (Table 1 )  which 

These p r i m i t i v e  i n i t i a l  Nd, Sr 

These c o n s t r a i n t s  c o n t r a s t  w i t h  

On an e p s i l o n  S r  - e p s i l o n  Nd 
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One p o s s i b l e  candida te  f o r  t h e  source of t h e  c r u s t a l  contaminant is 

T h i s  sample has  K-feldspar w i t h  ex t remely  
t h e  source  of a f e l s i c  rock which is found as a pod-like body i n  t he  shear 
zone west of t h e  schis t  belt. 
r ad iogen ic  Pb, and h a s  ve ry  rad iogenic  Sr, and unradiogenic  Nd (Banded 
Gneiss,  Tab le  1). Zi rcon ,co res  from t h i s  rock i n c l u d e  an  inherited 
component older  than 3170 Ma. 
by a g r a n i t o i d  i n c l u s i o n  from a inc lus ion - r i ch  horizon of t h e  Champion 
Gneiss. 
Ma. T h i s  rock  has a l s o  ve ry  e v o l v e d  K-feldspar Pb and unradiogenic  Nd 
(Champion I n c l u s i o n ,  Table  1). 
samples l i e  on, or near ,  t h e  3200 t o  2600 Ma l i n e  f i t t i n g  t h e  Dod and b a a  
g n e i s s  K-feldspar data (Fig. 2). These data suggest tha t  these fels ic  
samples  may be f ragments  of an  evo lved ,  o l d e r ,  c o n t i n e n t a l  c r u s t  which is 
a p p a r e n t l y  absent  immediately east of the be l t .  

Assuming t h a t  t h e  j u x t a p o s i t i o n  of t h e  t e r r annes  was accompanied by a 
metamorphic e v e n t  a f f e c t i n g  the  b e l t  and the  gne i s ses  on both sides of the  
b e l t ,  because t h e  sphenes from either s i d e  g i v e  d i f f e r e n t  U-Pb ages t h e  
metamorphism w a s  n o t  i n t e n s e  enough t o  s i m i l a r l y  reset the  sphene ages on 
both sides. Thus t h e  j u x t a p o s i t i o n  of t h e  t e r r a n e s  probably postdated t h e  
sphene ( coo l ing )  age of t h e  e a s t e r n  Kambha Gneiss  (2521 Ha). K-feldspar - 
whole rock Pb-Pb ages, which have c l o s u r e  temperatures  less than  tha t  for  
sphene, range from 2450 t o  2300 f o r  samples h sides of the  be l t .  
These ages are similar t o  t he  2420 2 12 Ma 48k>gtAr p l a t e a u  age on musco- 
v i t e  from a sample fran t h e  western shear zone, which is t h e  age (or  a 
minimum age) fo r  t h e  time of shear ing  of t h e  gneisaes ,  which occurred after 
the  t e r r a n e s  were juxtaposed. 

Another possible contaminant is represented  

T h i s  rock has d iscordant  z i r cons  which have minimun ages of 2900 

The K-feldspar Pb compositions of these two 

TABLE 1 

z ircon  sphene source 
u n i t  age age epsilon Sr e p s i l o n  Nd model mu(1) 

(Ha) (Ha) 
IIIIII=IIIIILIIIII=I======~===~===========================w===========w-=w-=w- 
WEST 

Dod Gneiss  2633 2553 +19, +30 +1.7 t o  -1.0 8.7 t o  9.2 
(+/-e) (+/-2) 

( +/-lo 1 
Dosa Gneiss  2613 +40. +45 -1.0 to -3.5 8.7 t o  9.2 

Patna Granite 2551 2553 10 
(+/-2.5) (+/-2) 

POSSIBLE WEST BASEHENT 

Banded Gneiss  >3170 +310 ' . -4.5 -3 5 
( a t  2600 Ma) ( a t  2600 W) 13200-2600 111) 

( a t  2600 W )  (3200-2600 111) 

Inc lus ion ,  
Champion Gn. >2900 -1.5 '1 5 

Kambha Gnei8S 2532 2521 -2 to -4  +4.5 to 0.0  8.0 to  8.2 
(+/-3) (+/-2) 

2514 



86 

4 -  

0 2 -  
= o  0 

z 
- .- 
v) 

e-2 
-4 

- 6  

U-Pb AGES AND Sr, Pb AND Nd ISOTOPE DATA FOR KOLAR GNEISSES 
K r o g s t a d ,  E.J. e t  a l .  

- 

- 
@ I O S A  23-4 - A 

- 
I I 1 I I 

e(Sr )vs .  e ( N d )  
a t  age o f  rock  

6r  I 1 

18 ., 

17.5 - 
17 - 

n 16.5 - 
% 
OH 
\ 16- 

8N 0 

INCL 0 

F i g u r e  1. 
Kambha Gneiss a t  2530 Ma and the  Dod and D o s a  g n e i s s e s  a t  2600 Ma. Also shown 
l a  t h e  Banded Gneiss sample  (23-6) from t h e  s h e a r  zone on t h e  wes tern  s i d e  of 
t h e  s c h i s t  b e l t .  
w i t h  a s t e e p  slope which does not suggest contaminat ion by an o l d ,  h igh  Rb/Sr 
c r u s t .  The wes tern  samples  range  from similar va lues  of e p s i l o n  Nd t o  p o i n t s  
which suggest t h a t  an o l d e r ,  h igh  Rb/Sr and low Sm/Nd crust was among t h e i r  
sources. The Banded Gneiss sample may r e p r e s e n t  part of such an o l d e r  c r u s t .  

E p s i l o n  Sr versus e p s i l o n  Nd diagram showing samples  from t h e  

The e a s t e r n  samples  l i e  i n  t h e  f i e l d  of d e p l e t e d  mant le ,  


